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© PROCESSED HEMOGLOBIN AND PRODUCTION THEREOF. 

(§) A water-soluble, deodorized and decolorized processed hemoglobin which is produced by washing starting 
^ hemoglobin with water, dispersing in water under an alkaline condition of at least pH 9 for dissolution and 
treating with hydrogen peroxide, and which is suitable as the raw material of food. 
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Raid of the invention 
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water to conduct first stage deodorization. Usually, this washing is conducted by dipping the raw 
hemoglobin in water with stirring, preferably, with adjusting pH to 6.8 to 7.0 which is the isoelectric point of 
hemoglobin. 

This pH adjustment at this washing step and each subsequent step described hereinafter can be 
conducted with agents suitable for food such as a mineral acid, for example, hydrochloric acid, sulfuric acid, 
phosphoric acid or the like, an organic acid, for example, citric acid, malic acid, lactic acid, tartaric acid or 
the like and an alkali such as potassium hydroxide, sodium hydroxide, or the like. 

Then, solid-liquid separation is conducted by centrifugation, filter press or the like and the resulting 
separated solid is dispersed and dissolved in water under alkaline conditions of not lower than pH 9, 
preferably, not lower than pH 10, more preferably, pH 10.26 or higher. It has been found that, by this alkali 
treatment, the erythrocyte membrane of the hemoglobin powder is readily broken which results in extreme 
increase in water solubility of hemoglobin and, at the same time, a solution having no heat coagulation 
property can be obtained. Further, it has been found that this dissolution is scarcely taken place when pH is 
lower than 9. 

In the present invention, the decolorization treatment is conducted with hydrogen peroxide in this 
solution state. In general, decolorization is conducted by maintaining the hemoglobin at a hydrogen 
peroxide concentration of 0.2 to 10 W/W % with heating at not lower than 30° C, preferably 60 to 99° C, for 
30 minutes to 3 hours. Thereby, an aqueous solution of deodorized and decolorized hemoglobin solution is 
obtained. 

After cooling, the solution was optionally subjected to catalase treatment to remove the residual 
hydrogen peroxide completely and then heated to not lower than about 80 ° C to inactivate catalase. Before 
and/or after catalase treatment, hemoglobin may be further purified by repeating isoelectric precipitation at 
pH 3.5 to 6.8, solid-liquid separation, washing and alkali dissolution. 

Then, pH of the aqueous solution having solid content of 0.5 W/W % is adjusted so that pH becomes 
6.8 to 8.2. 

Hemoglobin in the solution thus obtained is water-soluble and its iron content measured by o- 
phenanthroline absorptiometry which is the determination method provided by Japanese Standard of Food. 
Components is not less than 2.0 mg per 1 g of solid content, which is equal to or higher than that of the raw 
hemoglobin. Further, the processed hemoglobin of the present invention is characterized in that, in the 
amino acid composition of the hydrolyzate with hydrochloric acid, tyrosine is not more than 50%, typically, 
20 to 0% in comparison with tyrosine in the raw hemoglobin. 

The deodorized and decolorized hemoglobin solution thus obtained can be subjected to a suitable 
known preservation treatment such as sterilization or the like and the resulting solution itself can be used as 
the processed hemoglobin of the present invention. Optionally, it can be further treated to obtain a 
concentrated solution or dried powder according to a conventional method, and they can be also used as 
the processed hemoglobin of the present invention. 

Further, it has been found that, when the concentration of solids of the hemoglobin solution exceeds 
about 6 W/W %, hemoglobin becomes a swelled state which results in extreme increase of its viscosity 
and, therefore, it is difficult to increase the concentration of hemoglobin positively upon alkali dissolution in 
the above purification. On the other hand, it has been fWind that, when the solution is once frozen and then 
dissolved with heating again with maintaining predetermined pH, its viscosity is decreased and the 
hemoglobin concentration of the solution can be increased by further addition of hemoglobin precipitated 
isoelectrically thereto. Thereby, it becomes possible to obtain the hemoglobin solution having a concentra- 
tion of about 10 to 25 W/W %. In this case, it has also been found that its dissolution and degradation 
properties can be effectively improved by addition of saccharides such as sugar, starch syrup, maltose and 
the like to the solution in the amount of 10 to 20 W/W %. Further, it has been found that, when a skimmed 
milk or whole milk powder is added to the. hemoglobin solution in the amount of 10 to 100 W/W % based 
on hemoglobin upon drying and powdering and the mixture was dried with a spray drier, excellent 
powdered processed hemoglobin can be obtained. 

These concentrated solution and dried powder are also included in the scope of the processed 
hemoglobin of the present invention. 

The processed hemoglobin of the present invention is sufficiently deodorized and decolorized and has 
excellent water solubility. Therefore, the processed hemoglobin can be used as a raw material of various 
food and, according to a conventional method, the processed hemoglobin can be used for improving taste 
and flavor as well as supply of iron and protein by formulating it into various food, for example, livestock 
products, bread, noodle, dumpling, spaghetti, sausage, fish paste products, yogurt and the like. 
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The following Examples further illustrate the present invention in detail but are not to be construed to 
limit the scope thereof. 

Example 1 

5 

A commercially available bovine blood powder (10.5 kg) collected under aseptic conditions was 
dispersed in tap water (31.5 kg) adjusted to pH 6.8 to 7.0 with stirring and then centrifuged at 3500 G The 
resulting solid was separated and this washing operation was further repeated twice to obtain deodorised 
water-containing hemoglobin (15 kg). 

io This was mixed with an alkali solution (pH: 12.77) composed of tap water (200 kg) and 4% aqueous 
solution of sodium hydroxide (12.6 kg), followed by heating at 60* C for 30 minutes. Then, the mixture was 
heated to 85 to 90 C and about 5 kg portions of 1.0% hydrogen peroxide solution were added at 3 minute 
intervals (total: 25.2 kg) to conduct decolorizatiori for 2 hours. 

After cooling to 30 to 35* C, catalase No. C-10 (manufactured by Sigma Co.. 0.00042 kg) was added to 

75 the mixture which was allowed to stand for 1.5 hours with stirring gently. Catalase was inactivated by 
heating to 80 C, followed by cooling to 40* C to obtain an aqueous solution of deodorised and decolorised 
hemoglobin (257 kg). 

To the resulting aqueous hemoglobin solution was added 10% aqueous malic acid to adjust to pH 4.0 
to 4.3. stirring gently for 30 minutes to precipitate hemoglobin and further centrifuged at 3500 G The 
20 separated solid was further dispersed in tap water (90 kg). After repeating centrifugation and dispersion in 
tap water three times, a 0.8% aqueous sodium hydroxide solution (60 kg) was added, followed by adjusting 
to pH 7.5 to 7.7 and further stirring at 45 to 50* C to dissolve hemoglobin. 

After passing through a strainer of 100 mesh, the solution was heated at 90 *C for 30 seconds to 
sterilize it to obtain water-soluble processed hemoglobin (250 kg) as viscous dark brown liquid. 
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Example 2 



The liquid processed hemoglobin obtained in Example 1 was spray-dried at an air blast temperature of 
140 to 160 C and an exhaust temperature of 70 to 90 *C to obtain water-soluble processed hemoglobin as 
30 light brown powder (8.7 kg). 

Example 3 



According to the same manner as that described in Example 1. deodorization was conducted, followed 
by treatment with a hydrogen peroxide solution and cooling at 30 to 35* C. To this hemoglobin (257 kg) was 
added catalase No. C-10 (manufactured by Sigma Co.; 0.00042 kg) and the mixture was allowed to stand 
for 1.5 hours. Then. pH was adjusted to 4.0 to 4.3 by adding 10% aqueous malic acid solution, followed by 
stirnng gently for 30 minutes to precipitate hemoglobin. After centrifugation at 3500 G. the resulting 
hemoglobin was dispersed in tap water (90 kg). After repeating centrifugation and dispersion in tap water 
three times/the hemoglobin dispersion was heated to 80 C to inactivate catalase. 

Then, the solution was cooled to 50* C and adjusted to pH 7.5 to 7:7 with 0.8% sodium hydroxide and 
then stirred at 45 to 50 C. After passing through a strainer of 100 mesh, the solution was heated at 90* C 
for 30 minutes to sterilize it to obtain decolorized and deodorized water-soluble processed hemoglobin (250 
kg) as viscous dark brown liquid. 

Example 4 

Liquid processed hemoglobin obtained in Example 3 was spray-dried according to the same manner as 
that described in Example 2 to obtain water-soluble processed hemoglobin (8.7 kg) as light brown powder. 

Example 5 

According to the same manner as that described in Example 3. deodorization was conducted, followed 
by decolorization with a hydrogen peroxide solution, catalase treatment and washing. Then, catalase was 
inactivated and the resulting hemoglobin dispersion (257 kg) was centrifuged at 3500 G. The separated 
solid was frozen at -18 C to obtain water-soluble processed hemoglobin (15 kg) as a frozen dark brown 
block 

This was stored with freezing at -18* C. 
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Upon use, the processed hemoglobin is appropriately thawed, followed by dispersing it in water in a 
concentration of 10 to 20 VWW %, adjusting to pH 7.0 to 7.7 with an alkali, for example, sodium hydroxide 
or potassium hydroxide to dissolve it. 

5 Example 6 

A solution of decolorized and deodorized hemoglobin obtained according to the same manner as that 
described in Example 1 dissolved in an alkali (pH: 7.5 to 7.7, 150 kg) was frozen at -18* C. Then, it was 
thawed with heating to 45* C. To the thawed solution was added a centrifuged solid (15 kg) obtained 
io according to the same manner as that described in Example 1 before alkali dissolution, followed by pH 
adjustment to dissolve the mixture again. 

This solution was frozen as described above. After repeating thawing and addition of centrifuged solid 
(15 kg) and re-dissolution once, the solution was passed through a strainer of 100 mesh and heated at 
90* C for 30 seconds to sterilize it to obtain to obtain water-soluble processed hemoglobin (171.5 kg) as 
rs viscous dark brown liquid. 

This liquid processed hemoglobin was spray-dried as described above to obtain water-soluble hemoglo- 
bin (27.0 kg) as dark brown powder. 

Example 7 

20 

To a hemoglobin solution (172 kg) obtained by repeating freezing, thawing, addition of centrifuged solid 
and re-dissolution according to the same manner as that described in Example 6 was added a sugar (10 
W/W %), and the mixture was passed through a strainer as described above and then sterilized with heating 
to obtain water-soluble processed hemoglobin (191.5 kg) as viscous dark brown liquid. 

25 

Example 8 

To a hemoglobin solution (172 kg) obtained by repeating freezing, thawing, addition of centrifuged solid 
and re-dissolution according to the same manner as that described in Example 6 was added a skimmed 
30 milk powder (26 kg, the same amount as that of solid content in the solution), and the mixture was passed 
through a strainer as described above, followed by sterilization with heating and further spray-drying to 
obtain water-soluble processed hemoglobin (52 kg) as yellow powder. 

When the iron content of the blood powder used as the raw material was measured by o-phenanthroline 
absorptiometry, it was 2.8 mg/g. On the other hand, when the iron content of the processed hemoglobin 
35 powder in Example 2 was measured according to the same manner as described above, it was 3.2 mg/g. It 
was found that, in the processed hemoglobin of the present invention, the iron content was increased in 
comparison with the raw blood material. 

Further, the hydrolyzate of the raw blood powder with hydrochloric acid and the processed, hemoglobin 
of Example 2 were subjected to amino acid analysis (using Hitachi 835 Amino Acid Analyser). The following 
40 results were obtained (mg/100 g). 
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Amino acid 


Raw blood 


Processed hemoglobin of 
the present invention 


Aspartic acid 


CCC7 A 

boo/. 4 


OUOO.O 


Threonine 


^ ^ cn o 

1 loO.o 


1274.1 


Serine 


2396.6 


2765.1 


Glutamic acid 


3382.6 


4227.5 


Glycine 


2653.3 


3041 .3 


Alanine 


y("7C*7 O 

4/o/.^ 


00OO.4 


valine 


OOQO "7 


OCCQ O 


Methionine 




1oo.2 


Leucine 


4/Oo.^ 


0/U4.Q 


Tyrosine 


OO 1 .4 




Phenylalanine 


5386.6 


5186.2 


Histidine 


3385.6 


3640.2 


Lysine 


1569.4 


2335.4 


Arginine 


1699.3 


1105.8 


Proline 


1752.2 


2100.5 



As seen from the above results, in the processed hemoglobin of the present invention, tyrosine in the 
amino acid composition is extremely decreased in comparison with the raw blood powder. In addition, when 
iron absorption test was conducted in anemia rats, the iron absorption of the processed hemoglobin of 
Example 2 was about 1 .9 to 3.5 times higher than that of the raw hemoglobin. 

As described above, according to the present invention, by utilizing unutilized resources almost all of 
which have been disposed heretofore, deodorized, decolorized and water-soluble processed hemoglobin 
having extremely excellent iron-absorption property which is suitable for a raw material of food can be 
obtained. 

Claims 

1. Processed hemoglobin characterized in that the processed hemoglobin is deodorized, decolorized and 
water-soluble processed hemoglobin which can be obtained by washing raw hemoglobin with water, 
dispersing and dissolving the washed raw hemoglobin in water under an alkaine conditions of not lower 
than pH 9 and then treating it with hydrogen peroxide, the iron content thereof measured by o- 
phenanthroline absorptiometry being not less than 2 mg per 1 g of solid content and pH of its aqueous 
solution having solid content of 0.5% by weight being 6.8 to 8.2. 

2. Processed hemoglobin according to claim 1 which is in the form of powder. 

3. Processed hemoglobin according to claim 2 which contains a skimmed milk or whole milk powder in an 
amount of 10 to 100 WA/V % based on hemoglobin protein. 

4. Processed hemoglobin according to claim 1 which is in the form of liquid having 10 to 25 WA/V % of 
protein content. 

5. Processed hemoglobin according to claim 4 which contains 10 to 20 WA/V % of a saccharide. 

6. A process for producing processed hemoglobin which comprises washing raw hemoglobin with water, 
subjecting it to solid-liquid separation dispersing and dissolving the resulting solids in water under 
alkaline conditions of not lower than pH 9 and then treating it with hydrogen peroxide with heating. 

7. A process according to claim 6, wherein catalase treatment is conducted after the hydrogen peroxide 
treatment. 

8. A process according to claim 6, wherein isoelectric precipitation is conducted after the hydrogen 
peroxide treatment, and the resulting precipitate is recovered and washed and then subjected to 
cataiase treatment. 
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9. A process according to claim 7 or 8. wherein catalase is inactivated after catalase treatment optionally, 
conducting isoelectric precipitation to purify the hemoglobin and then drying it 
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